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Split Dose Thallium-20l Dipyridamole Imaging: A New Technique
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Boston, Massachusetts
A technique for performing thallium-201 imaging after
two separate injections of the tracer, closelyspaced tem-
porally, was developed (split dose thallium technique).
Thirty patients were studied; 23 had significant coronary
artery disease and 7 did not. With the patient supine at
rest, 1.0 mCi of thallium was injected intravenously and
imaging was performed in the anterior and 50° left an-
terior oblique projections for a preset time. Immediately
after acquisition of the rest images, without moving the
camera head, an infusion of dipyridamole commenced
at 0.14 mg/kg per min for 4 minutes. Two minutes after
stopping the infusion, 1.0 mCi of thallium was injected
intravenously and 50° left anterior oblique and anterior
projection images were acquired. Two and a half to 3
hours after the dipyridamole infusion, myocardial im-
aging was repeated in the two projections. Images of the
same projection were realigned using a computer image
registration approach. The rest image was then sub-
tracted from the realigned dipyridamole image to produce
an image representing perfusion during dipyridamole-
induced hyperemia (subtraction image).
Thallium-201 myocardial imaging is widely utilized to ana-
lyze regional myocardial perfusion at one point in time.
However, a technique for assessing myocardial perfusion
using thallium at two closely spaced points in time has not
been previously available because of the long physical half-
life of this radionuclide and the complicating residual thal-
lium activity. Such a technique would be useful in a number
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The subtraction images were of adequate quality for
interpretation in 29 of 30 patients. The subtraction and
rest images were displayed side by side and each of six
segments interpreted as demonstrating normal thallium
activity, or transient, persistent or combined transientl
persistent defect. Of 45 stenosed coronary arteries, 84%
demonstrated thallium defects in appropriate segments.
Of 42 normal coronary arteries, 98% demonstrated nor-
mal activity in the corresponding segments of the thal-
lium images. The overall sensitivity and specificityof the
subtraction versus rest thallium image technique for
coronary artery disease were 91 and 100%, respectively.
This study demonstrates that a split dose thallium
imaging technique allows technically adequate imaging
before and immediately after dipyridamole within a rel-
atively short period of time. Future applications of the
technique may include the assessment of myocardial per-
fusion before and immediately after exercise, coronary
angioplasty and coronary thrombolysis with streptoki-
nase and the evaluation of the impact of pharmaco-
therapy on regional myocardial perfusion.
of situations. First, the ability to perform thallium imaging
before and with exercise or dipyridamole would drastically
reduce the duration of the study by eliminating the need to
wait up to 4 hours for redistribution. Second, such a tech-
nique could be used to assess myocardial perfusion before
and immediately after interventions designed to reestablish
myocardial perfusion, such as streptokinase thrombolysis.
We have developed a technique (split dose thallium im-
aging technique) that utilizes separate injections of thallium
with imaging before and immediately after an intervention.
The postintervention images are generated using a new com-
puter image registration method that translates, rotates and
subtracts to correct for activity present before the second
injection. The purpose of the present study was to determine
if the split dose thallium imaging technique could be applied
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clinically to thallium imaging before and immediately after
dipyridamole-induced myocardial hyperemia in patients with
and without coronary artery disease .
Methods
TI-201
lmCi
IV
+
Dipyrodamole
0.t4mg/kg/min
~TI_ 2011mCIIV+
R max = Sum AiBi / Square root (sum Ai2) (sum Bi2) ,
Figure 1. Protocol for split dose thallium (TI) imaging and di-
pyndarnole infusion. IV = intravenously.
where Ai and Bi are count activities in the pixels of the
same location within the ellipse for the two images A and
B. The realignment takes about 30 seconds and requires
terminated, an additional I mCi of thallium was injected
intravenously. Five minutes later, images were collected in
the 50° left anterior oblique and anterior projections.
Electrocardiographic leads I, II and III were recorded
continuously throughout the dipyridamole protocol. Twelve
lead electrocardiograms and cuff blood pressure were re-
corded at baseline and after each minute . Intravenous ami-
nophylline (250 mg) was available to reverse significant side
effects of the dipyridamole infusion . Two and one half to
3 hours after the dipyridamole infusion, myocardial imaging
was repeated in the anterior and 50° left anterior oblique
projections .
Thallium image processing. No background correction
was employed. All images were transferred to a YAX II!
780 computer (Digital Equipment Corporation) . Three serial
images in the same projection were displayed using a DeAnza
Systems image display buffer. The images were then re-
aligned using a program that we have previously described
and validated (I). An elliptical perimeter is placed by the
operator around the left ventricular activity of the image
obtained after the second thallium dose. The ellipse is de-
fined by its long and short axis and the angle between the
long axis and vertical plane . The ellipse is carefully posi-
tioned so that its edge is at least I pixel away from the
actual myocardial activity . Realignment of the left ventric-
ular activities of the rest image and the second dose image
surrounded by the ellipse is performed by repositioning the
rest image so that its left ventricular activity best fits into
the ellipse; this is automatically accomplished by horizontal
and vertical translation and rotation. Best alignment occurs
when the product of thallium count s for the two images
reaches a maximal value. This maximal value (R max) is
computed by the following equation in which the products
are the differences between absolute activity per pixel and
the mean activity per pixel in each image:
18048 164
! ! I I
212527 32
I I
MINUTES 0 5
IMAGING c VIEWS
8 minutes each
Study patients. The study group consisted of 30 patients
(24 men and 6 women); their mean age was 54 ± II years
(I standard deviation) . All patients had cardiac catheteriza-
tion and thallium imaging, each study performed within I
week of the other. Thirteen patients had a history of a prior
myocardial infarction. Seventeen patients were taking pro-
pranolol at the time of the study. Patients signed a consent
form approved by the Massachusetts General Hospital Sub-
committee on Human Studies (June 17, 1981). Anticipated
whole body and renal dosimetry for the thallium test was
0.52 and 4.2 rems, respectively.
Cardiac catheterization. Selective coronary angio-
grams were recorded with 35 mm cinematography at 60
frames per second. Yentriculograms were performed in the
30° right anterior oblique and 50° left anterior oblique
projections in all but one patient (Case 13). The coronary
angiograms were interpreted by two observers who graded
the percent stenosis of a coronary lesion to the nearest 5%
diameter reduction using calipers. Left ventricular cinean-
giograms were interpreted by the same two observers and
ventricular wall motion was interpreted as normal, hypo-
kinetic , akinetic or dyskinetic . Left ventricular ejection frac-
tion was calculated using an area-length technique . The
interpreters were not aware of the thallium imaging results.
Twenty-three patients had significant coronary artery disease
(50% or greater narrowing of at least one major coronary
artery in at least two projections) and seven did not.
Thallium image acquisition. The imaging protocol is
illustrated in Figure I. A 12 lead electrocardiogram was
obtained. A 20 gauge plastic cannula was placed in a large
antecubital vein. One mCi of thallium-20l (thallous chlo-
ride) (New England Nuclear) was then injected intrave-
nously with the patient upright. The patient was placed
supine and sequential imaging in the anterior and 50° left
anterior oblique projections began 5 minutes later. Images
were recorded for a preset time of 8 minutes each with a
mobile gamma camera (Picker Dynacarnera, Picker Cor-
poration) interfaced with a MUGA CART computer system
(Medical Data Systems) and equipped with a medium res-
olution, medium sensitivity parallel hole collimator. A 30%
energy window encompassing the X-ray emissions at 60 to
80 keY was selected. Data were collected in a 64 x 64
matrix-word mode format.
Dipyridamole protocol. Immediately after the 50° left
anterior oblique image was obtained at rest without moving
the camera head, an infusion of dipyridamole (Boehringer-
Ingelheim) was commenced at a rate of 0.14 mg/kg per
minute for 4 minutes. Three minutes after the infusion was
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Figure 2. Schematic drawing demonstrating the left ventricular
(L. V.) segments for thallium images.
about 16,000 words of memory. Although we performed
the realignment on a VAX 111780, a large and fast com-
puter, the memory requirements are well within the capacity
of smaller portable cardiac computers.
The realigned rest image was then subtracted from the
dipyridamole image to produce an image representing per-
fusion during dipyridamole-induced hyperemia (subtraction
image). Mean (± 1 standard deviation) counts were
363,612 ± 35,812 for subtraction images, 406,995 ± 32,404
for the rest image, 595,824 ± 52, 332 for the delayed image
and 759,093 ± 59,799 for the dipyridamole image.
Thallium image interpretation. The subtraction, rest
and delayed thallium images were displayed side by side
on the DeAnza Systems image display unit. Images were
interpreted by two independent experienced observers un-
aware of the cardiac catheterization results. The ventricle
was divided into anterolateral, apical and inferior segments
in the anterior projection, and septal, apical-inferior and
posterior segments in the 50° left anterior oblique projection
(Fig. 2). First, the rest image was compared with the sub-
traction image and each segment described as demonstrating
normal activity, transient, or persistent or combined tran-
sient/persistent defect. A transient defect was one that was
present on the subtraction image but not on the rest image.
A persistent defect was one that was present and equally
extensive on both the subtraction and rest image. A com-
bined transient/persistent defect was one that was less ex-
tensive on the rest image but still present. The same system
was used for interpreting the subtraction versus delayed
images. Differences in the two observers' opinions as to the
presence or absence of a defect were resolved by consensus.
Data analysis. For correlations with coronary anatomy
and left ventricular wall motion, the following assumptions
were made. A dominant right coronary artery was consid-
ered to supply the inferior and apical-inferior segments. The
left anterior descending coronary artery was considered to
supply the anterolateral, apical, septal and apical-inferior
segments. The left circumflex coronary artery was consid-
ered to supply the posterior segment. Thallium perfusion
for each segment and patient was then correlated with the
corresponding wall motion on left ventricular cineangiog-
raphy and with coronary anatomy. A set of thallium images
with at least one transient, persistent or combined transient/
persistent defect was considered positive for coronary artery
disease.
Sensitivity and specificity were defined as:
Sensitivity = True positive results/True positive results +
False negative results
Specificity = True negative results/True negative results +
False positive results.
All results were expressed as mean values ± 1 standard
deviation.
Results
Hemodynamic and patient data. In the total group of
30 patients, 45 major coronary arteries had significant sten-
oses and 45 did not (3 major coronary arteries x 30 patients
= 90). Thirteen left ventricular angiographic segments were
interpreted to be akinetic or dyskinetic. The mean left ven-
tricular ejection fraction was 71 ± 9% for the 7 patients
with normal coronary arteries compared with 57 ± 17%
(probability [p] < 0.01) for the 23 patients with coronary
artery disease.
For the seven patients with normal coronary arteries,
systolic blood pressure, diastolic blood pressure and heart
rate were, respectively, 123 ± 13 mm Hg, 74 ± 6 mm
Hg and 69 ± 6 beats/min at rest, and 123 ± 9 mm Hg (p
= not significant [NS]), 76 ± 8 mm Hg (p = NS) and 88
± 8 beats/min (p < 0.001) after dipyridamole infusion. Of
the seven normal patients, three had chest pain, three had
headache, one had dizziness, one had nausea, two had ST
segment depression and three required aminophylline after
dipyridamole infusion.
Of the 23 patients with coronary artery disease, systolic
blood pressure, diastolic blood pressure and heart rate were,
respectively, 128 ± 17 mm Hg, 79 ± 13 mm Hg and 65
± 11 beats/min at rest, and 127 ± 13 mm Hg (p = NS),
80 ± 11 mm Hg (p = NS) and 77 ± 9 beats/min (p <
0.001) after dipyridamole infusion. Of the 23 patients, 5
had chest pain, 2 had headache, 1 had dizziness, 1 had
nausea, 5 had ST segment depression and 4 required ami-
nophylline after dipyridamole.
Examples of split dose thallium studies. Figure 3 dem-
onstrates a normal split dose thallium study from one patient
with normal coronary arteries (Case 6). There is homoge-
neous thallium distribution on the subtraction images. Left
ventricular regional wall motion is normal.
Figure 4 demonstrates the split dose thallium study from
one patient with single vessel coronary artery disease. This
patient (Case 13) had right coronary artery disease (95%
Posterior
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Figure 3. Split dose thallium study
from a patient with normal coronary
arteries. See text. LAO =: left anterior LAO
oblique.
Subtraction Rest Delay
ANTERIOR
Figure 4. Split dose thallium study
from a patient with isolated right
coronary artery disease. See text,
LAO = left anterior oblique. LAO
Subtraction Rest Delay
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midportion stenosis) . Subtraction versus rest images dem-
onstrated a large inferior and small apical-inferior combined
transient/persistent defect. Comparison of the rest with the
delayed images revealed further redistribution on the latter
image. Left ventricular angiography was not performed in
this patient.
Figure 5 demonstrates the split dose thallium study from
one patient with two vessel coronary artery disease. This
patient (Case 14) had 70% stenosis of the left anterior de-
scending coronary artery and complete occlusion of the right
coronary artery. Subtraction images demonstrated inferior ,
septal and apical inferior defects. When the rest and delayed
images were compared, there was thallium redistribution on
the delayed image into the inferior wall and low septum.
The left ventriculogram demonstrated inferior wall akinesia.
Figure 6 demonstrates the split dose thallium study from
a patient (Case 11) with left anterior descending coronary
artery disease. There were persistent thallium defects in-
volving the apex and septum. The apex and septum were
akinetic on the left ventriculogram.
Thallium imaging results. The subtraction images were
of adequate quality for interpretation in 29 of the 30 patients.
In one patient (Case 4) subtraction images were judged
technically inadequate for interpretation. This patient was
a 44 year old white woman with normal coronary arteries.
ANTER IOR
The subtraction images for this patient appeared to have too
few counts with a low signal to noise ratio .
Table 1 lists the results of thallium imaging for the 30
patients. When the subtraction image was compared with
the rest image , 16 (89%) of 18 patients with significant
left anterior descending coronary artery disease had antero-
lateral, apical , septal or apical-inferior wall defects; 8 (80%)
of 10 patients with significant left circumflex coronary artery
disease had posterior wall defects and 14 (82%) of 17 pa-
tients with significant right coronary artery disease had in-
ferior or apical-inferior defects , or both. Thus, of 45 coro-
nary stenoses, 38 (84%) were detected and localized by
thallium imaging. Of the 42 major coronary arteries without
significant stenoses, 41 (98%) demonstrated normal activity
in the corresponding segments of the thallium images. The
results were the same when the subtraction image was com-
pared with the delayed image.
The overall sensitivity of the subtraction versus rest thal -
lium image for coronary artery disease was 91% (21 of23) .
The two patients with coronary artery disease and normal-
appearing thallium images had single vessel disease. One
of the patients (Case 8) was a 58 year old man with 80%
proximal right coronary artery stenosis with good retrograde
filling. The other patient (Case 24) had 80% proximal left
circumflex coronary artery stenosis. The overall specificity
LAO
Figure 5. Split dose thallium
study from a patient with two
vessel coronary artery dis-
ease. See text. LAO = left
anterior oblique.
Subtraction Rest Delay
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Figure 6. Split dose thallium study
from a patient with isolated left
anterior descending coronary ar-
tery disease. LAO = left anterior
oblique.
LAO
Subtraction Rest Delay
in the six patients with normal coronary arteries and tech-
nically adequate subtraction images was 100% (6 of 6). The
subtraction, rest and delayed images all appeared normal
for these six patients.
When the corresponding rest and delayed images were
compared, six segments (in Cases 13, 14, 15 and 30) dem-
onstrated further thallium redistribution on the delayed im-
ages. All of the segments were associated with either 70 to
95% coronary artery stenosis or 100% coronary artery oc-
clusion with good retrograde flow. In no instance did a rest
image demonstrate more thallium activity than a corre-
sponding delayed image.
Correlation with ventriculography. For both the sub-
traction versus rest and the subtraction versus delayed im-
ages, 14 of 15 akinetic or dyskinetic segments on ventri-
culogram were associated with a persistent defect in the
corresponding thallium segment. One patient (Case IS) had
an akinetic anterolateral wall but normal thallium uptake in
that segment. Four patients had persistent thallium defects
that were not associated with akinesia or dyskinesia of the
corresponding ventriculographic segments.
Overall observer agreement for thallium image inter-
pretation. For both the subtraction versus rest and sub-
traction versus delayed images, the independent interpre-
tations for the two observers agreed in five of the six patients
with normal coronary arteries and adequate subtraction im-
ages. The one remaining patient had a normal consensus
interpretation. Of the 23 patients with coronary artery dis-
ease, the two observers' independent interpretations agreed
in 20. Of the three remaining patients, two had normal and
one had an abnormal consensus interpretation. Thus, the
overall intraobserver agreement was 25 (86%) of 29.
Discussion
Thallium imaging immediately after exercise or dipyri-
damole infusion is utilized for detecting coronary artery
disease (2). Furthermore, repeat imaging 2 to 6 hours after
the thallium injection or a separate study at rest several
weeks later has been shown to demonstrate a reduction in
defect size in areas of transiently ischemic myocardium
(3,4). The disadvantage of obtaining the delayed images is
the inconvenience to both patient and imaging facility while
the disadvantages of obtaining a separate study at rest weeks
later are, again, patient inconvenience as well as the ad-
ditional cost and radiation burden of a second thallium dose.
Split dose thallium imaging technique for detecting
coronary artery disease. The results of the present study
validate the use of the split dose thallium imaging technique
for the detection of coronary artery disease. The technique
reduced the time required for obtaining dipyridamole and
rest images to less than I hour. Dipyridamole-induced hy-
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Table 1. Clinical Data
Coronary Artenograms LV Angiogram Subtraction vs Rest T I Subtraction vs Delay T1
Case Age(yr) Propra-
(% stenosis)
Segments
(abnormal segments) (abnormal segments)
& Sex MI nolol LAD LCx RCA With A or D EF(%) AL AP Inf Sep AI Post AL AP Inf Sep AI Post
Patients With Normal Coronary Arteries
1 46 M N y 71
2 67 F N N 60
3 50 F N N 65
4 44 F N y 86 Poor quality Poor quality
5 51 M N y 79
6 38 M N N 72
7 56 F N N 66
Mean 71.2
± SD 8.8
Patients WIth Coronary Artery Disease
8 58 M N y 80% r 30
9 45 M Y y 90% 100% m 75 P TP P P TP P
10 65 M N N 100% ps 50% m 100% r Post 71 P P
11 59 M N y 80% AP,Sep 35 P P P P P
12 49 M N N 70% pd 80% 100% r 56 T T P T T P
13 64M N y 95% m ND ND TP TP T T
14 59 M Y N 70% 100% m,r Inf 50 P TP P P T T
15 37 M Y y 100% r 90% d AL,AP 50 P TP P P T P
16 62 M N y 100%r Inf 62 TP T
17 60F N y 60% pd 81 T T T T
18 56 M Y y 70% 70% AP 73 TP T TP TP T TP
19 45 M y y 90% m 60% 50% m Post 62 T T P T T P
20 44 M Y N 100% 40 TP TP
21 65 M Y N 95% 80% d AL,AP,Sep 28 P P P P P P P P
22 53 M y N 50% d 60% m 100% d 66 T TP T P T TP T P
23 71 M Y N 100% ps 90% d 100% r AP 72 T T T T T T T T
24 32 M Y y 80% 70
25 43 M N N 50% 100%r 64 T TP T TP
26 50 F N N 100% 100% 50 T P TP P T P T P
27 42 M Y y 70% ps 95% m 20 T T T T
28 73 M Y Y 90% pd 99% r 99% 56 T TP T T T TP T T
29 69 M N y 70% r 90% 71 T T T T T T
30 57 M Y y 70% 95% m Sep 75 TP P T P
Mean 57.1
± SD 173
Aor0 = akinesia ordyskinesia: AI = apical-inferior; AL = anterolateral; AP = aprcal, d = distal stenosis, F = female, Inf = mfenor, LAD = leftantenor descending.
LCx = left circumflex; LV = left ventricular; m = mid-stenosis; M = male; MI = history or electrocardiographic evidence of myocardial rnfarction, N = no, ND = not
done; P = persistent defect, pd = after diagonal branch; Post = posterior; ps = after septal branch, r = retrograde filhng of coronary artery, RCA = nght coronary artery,
Sep = septal; T = transient defect, TI = thallium image; TP = transient andpersistent defects; Y = yes
peremia and the split dose imaging technique were sensitive
and specific for individual coronary artery stenoses (84 and
98%, respectively) and for patients with coronary artery
disease (91 and 100%, respectively). These results are quite
comparable with the results for dipyridamole-thallium im-
aging previously reported (4-7). The split dose thallium
images demonstrated persistent defects in almost all regions
with akinesia or dyskinesia on ventriculogram. However,
because the patients in the present study had a high pretest
likelihood of disease, the results should be considered pre-
liminary at this time.
The present study demonstrated a reasonably good sen-
sitivity for detecting right (82%) and left circumflex (80%)
coronary artery disease. Rigo et al. (8) demonstrated a lower
sensitivity for detecting disease in these two coronary ar-
teries using exercise thallium imaging. However, Dunn et
al. (9) using exercise thallium imaging, and Albro et al. (5)
using dipyridamole-thallium imaging reported results sim-
ilar to ours. The present study also demonstrates a high
overall sensitivity for detecting patients with coronary artery
disease. Although some investigators reported a slightly
lower sensitivity using dipyridamole (10), previous studies
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in our laboratory (4) using a nonsplit dose dipyridamole
protocol and studies from other laboratories (11) have dem-
onstrated comparable sensitivities.
The split dose thallium imaging technique can be used
in another way when used in conjunction with dipyridamole
(or exercise). After obtaining the rest and immediate post-
intervention image, it is still possible to obtain delayed im-
ages after 2 to 4 hours. In this manner, rest, dipyridamole
and delayed images are obtained in the same amount of time
required currently for obtaining dipyridamole and delayed
images. The additional rest images could be useful for judg-
ing the severity of a stenosis as follows: a coronary stenosis
that produced a rest reduction in flow to viable myocardium
would create a defect on both the subtraction and rest image;
however, the delayed image would be expected to be nor-
mal. A less severe stenosis that did not reduce rest flow but
interfered with normal flow augmentation during dipyri-
damole-induced hyperemia would be expected to result in
a defect on the subtraction but not the rest or delayed image.
In fact, our laboratory (12) and others (13) have described
thallium redistribution on rest and delayed images in many
patients with stable but severe coronary artery disease. Thus,
the addition of the rest image may allow for grading of the
severity of a coronary stenosis. In the present study, com-
parison of the rest and delayed images demonstrated addi-
tional thallium redistribution in six segments, consistent
with coronary stenoses severe enough to reduce resting blood
flow. In fact, all six segments were supplied by coronary
arteries with 75 to 95% diameter stenoses or with a complete
occlusion and good retrograde flow.
With the exception ofPatient 4, all patients in the current
study had subtraction images of reasonable technical qual-
ity. The interobserver agreement was high (86%). Some
improvement in the subtraction image signal to noise ratio
may be attained with a slightly increased thallium dose
during the second injection. Future use of such an increased
dose (2.5 to 3.0 mCi total dose) would be justified from a
patient safety standpoint on the following basis: first, pre-
viously reported exercise thallium studies utilized a 2 mCi
dose with exercise followed by a second 2 mCi dose 2 weeks
later at rest (4 mCi total dose). Second, our most recent
dosimetric calculations indicate that the radiation dose to
the target organs, that is, the kidneys, falls within acceptable
limits after two doses of 1.5 mCi thallium (that is, 3.15
rems per administration).
Computer realignment program for split dose tech-
nique. The split dose thallium imaging technique requires
precise realignment of images before subtraction. The only
situation where realignment would not be required would
be if only one projection were required such that the camera
head could remain stationary and if there were no patient
movement during the intervention. For instance, the present
study protocol was designed that the rest and dipyridamole
left anterior oblique views were collected without moving
the camera head. However, the realignment program was
essential for the subtraction of the anterior views. The use
and validation of the realignment program used in the current
study have been previously demonstrated in a canine model
of myocardial infarction (1,14).
Hemodynamic effects of the dipyridamole infu-
sion. In the present study, dipyridamole had no significant
effect on either systolic or diastolic blood pressure; heart
rate did increase significantly. In previous reports (4,5) of
thallium imaging with dipyridamole, patients have either
stood or been tilted upright after the dipyridamole infusion
was stopped and before thallium was administered. These
studies have reported a net decrease in the blood pressure
before thallium administration. Such a decrease in afterload
was thought to contribute to the coronary vasodilation. The
high sensitivity of the current protocol for coronary artery
disease suggests that the induction of relative orthostatic
hypotension may not be necessary for satisfactory dipyri-
damole imaging results.
In the current study, 8 of 30 patients developed chest
pain and 8 developed other symptoms such as nausea, diz-
ziness or headache during the dipyridamole infusion. Seven
patients had symptoms severe enough to warrant intravenous
aminophy lline therapy.
Possible future applications. The split dose thallium
technique may also be applicable to thallium imaging with
exercise. However, with exercise, cardiac dilation associ-
ated with extensive ischemia may make realignment and
subtraction of images difficult, particularly because we be-
gin image acquisition immediately after the termination of
exercise. Thus, further validative studies are required before
the split dose thallium imaging techniques can be recom-
mended with exercise. Finally, the technique may have great
utility in assessing changes in myocardial perfusion acutely
before and after interventions other than dipyridamole, such
as streptokinase-induced coronary thrombolysis, with or
without angioplasty, to determine the impact of such acute
interventions on perfusion to viable myocardium. Investi-
gators (15,16) thus far have utilized intracoronary thallium
administration and a large second dose of thallium to par-
tially overcome the problem of residual myocardial thallium
from the pre-streptokinase injection. The currently reported
technique allows for assessment of perfusion using intra-
venous thallium administration.
The limitations of intracoronary thallium administration
include: I) the inability to detect inhomogeneities in per-
fusion between myocardium supplied by the right and left
coronary arteries, and 2) the possible lack of relation be-
tween thallium delivery and coronary blood flow when the
tracer is injected under pressure directly into the coronary
artery. However, future clinical validation studies are re-
quired before the split dose intravenous thallium technique
can be recommended as an alternative to the intracoronary
thallium technique.
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